Wilson, M. T., Mier, K. L., and Jump, C. M. 2013. Effect of region on the food-related benefits to age-0 walleye pollock (Theragra chalcogramma) in association with midwater habitat characteristics in the Gulf of Alaska -ICES Journal of Marine Science, 70: 1396 -1407. In the western Gulf of Alaska (GOA), we compared age-0 juvenile walleye pollock body weight, food habits, and expected growth rates between two regions during 3 years. The benefit to rearing off Kodiak Island vs. in the Semidi Islands vicinity increased among years with body length because larger fish consumed more euphausiids, and euphausiids were apparently more available in the Kodiak region. This explains previously observed regional variation in body size, condition, and growth rates within the GOA population and points to potential importance of the Kodiak region as a walleye pollock nursery. During September 2005September , 2007September , and 2009, Kodiak midwater was cooler and saltier than Semidi midwater, presumably due to a relatively narrow continental shelf and greater oceanic influence. Zooplankton composition differed between regions with the greater euphausiid population density off Kodiak being most relevant to walleye pollock food habits. As found historically, age-0 walleye pollock abundance was lower in the Kodiak region than in the Semidi region. However, the Kodiak fish were larger in both length and length-specific weight, and had fuller stomachs than Semidi fish, although differences were not significant in all years. Regional differences were most pronounced during the relatively warm year 2005 when fish were particularly large. Fish dietary mass was dominated by euphausiids, especially for Kodiak fish ≥55 mm standard length. Bioenergetics model output suggests that the greater euphausiid dietary proportion translates into faster growth of the Kodiak fish. The midwater habitat off Kodiak Island might therefore support above-average production of recruits to the GOA adult population due to better condition and likely survival of walleye pollock juveniles, especially when fish are large and thus able to more fully exploit euphausiids, but confirmation of above-average production of recruits depends on our ability to determine spatial structure in juvenile-adult population connectivity.
Introduction
Fish nurseries have long been recognized as critical for production of juveniles that recruit to adult populations. Nurseries have been defined as habitats where production of recruits (Dahlgren et al., 2006) or recruits per unit area (Beck et al., 2001 ) is above average. For many species, the habitats frequented by juveniles are known, but determining habitat-or area-specific productivity is complicated by the difficulty of following specific groups to recruitment (Gillanders et al., 2003) ; consequently, the specific location of many nurseries remains elusive. Despite this difficulty, it is worthwhile to try to identify high-production areas (i.e. nurseries) because success will enable subsequent biological and ecological research to focus on geographic areas where most recruits are produced (Sheaves et al., 2006) . One approach is to compare juveniles among geographic regions, assuming no migration, for evidence of regional differences in biology and ecology that are relevant to growth and survival; for example, food quantity and quality. An underlying assumption is that fuller stomachs and a calorie-rich diet contribute to faster growth and greater accumulation of energy reserves, which can reduce vulnerability to predation and improve survival during adverse environmental conditions (e.g. lipid accumulation before overwinter prey scarcity). We used this approach to compare the food-related benefits that juvenile walleye pollock (Theragra chalcogramma) accrue from residing in each of two coastal regions in the Gulf of Alaska (GOA).
Walleye pollock, a semi-demersal gadid, is an economically and ecologically prominent fish in coastal North Pacific ecosystems. As adults, walleye pollock support large commercial fisheries, and are a major trophic component in many areas due to their high abundance and theirconsumption of zooplankton andsmall fish (Springer, 1992) . As juveniles, walleye pollock are a major dietary component of many fish, marine mammals, and seabirds (Brodeur and Bailey, 1996) .
In the GOA, the results of extensive research show that juvenile walleye pollock are abundant over the western shelf with considerable geographic variation in their biology and ecology (Brodeur and Wilson, 1996; Wilson, 2009) . Few individuals are found beyond the shelf break because, presumably, they avoid the colder, more saline Alaskan Stream, a fast-flowing boundary current that could quickly transport individuals to the southwest (Stabeno et al., 2004; Wilson, 2009) . During September, many young-of-the-year (age-0) juveniles occur in the Semidi Islands vicinity southwest of Shelikof Strait (Brodeur and Wilson, 1996) (Figure 1 ). This reflects downstream transport of larvae in the Alaska Coastal Current from Shelikof Strait where the largest spawning aggregation of walleye pollock in the GOA forms each spring (Bacheler et al., 2009) . Some age-0 juveniles also occur along the Gulf-side of Kodiak Island (Wilson et al., 2005) , which is not downstream from Shelikof Strait, perhaps reflecting production from other spawning aggregations. Late-summer population densities have historically been lower off Kodiak than in the Semidi region, but the Kodiak population includes age-0 juveniles that are larger than Semidi fish, and recruitment is better predicted by population density in the Kodiak region than in the Semidi region (Wilson, 2000) . The number of recruits produced from the Kodiak region is unknown, but it could be substantial if juvenile survival is highly relative to elsewhere in the GOA; furthermore, production from it and other less-populated areas might contribute to spawning stock diversity (Olsen et al., 2002) .
Age-0 walleye pollock are predominantly zooplanktivorous and preliminary evidence indicates that late-summer juveniles in the Figure 1 . Map of ocean currents (top, from Reed and Schumacher, 1986) and sites in the GOA (bottom) where sampling was conducted during September 2005 September , 2007 September , and 2009 to measure water temperature and salinity, and to collect zooplankton and age-0 walleye pollock. Each grid is divided (dotted line) into inner-shelf and outer-shelf area.
Effect of region on the food-related benefits to age-0 walleye pollock Kodiak region consume more euphausiids than those in the Semidi region (Merati and Brodeur, 1996; Wilson et al., 2011) . Because euphausiids are energy-rich relative to most other prey (Mazur et al., 2007) , consuming large portions of them could explain the better body condition (Buchheister et al., 2006) and larger size (Wilson, 2000) of the Kodiak juveniles. Although the larger body size of the Kodiak juveniles could reflect spawn timing rather than a region-specific, food-related effect, available evidence indicates that Kodiak (Wilson et al., 2005) and Semidi (Dougherty et al., 2012) juveniles have similar hatch dates and that the Kodiak fish can grow faster (Brown and Bailey, 1992; Bailey et al., 1996) . Faster growth reduces the length of time fish are vulnerable to sizeselective predation (Sogard, 1997) , and predation on juveniles is thought to be a major factor controlling walleye pollock recruitment dynamics (Bailey, 2000) . A euphausiid-rich diet might also promote overwinter survival by allowing age-0 juveniles to accumulate storage reserves before winter when prey densities are low (Heintz et al., 2013) . We therefore wanted to examine whether age-0 walleye pollock benefit more from residing off Kodiak Island when compared with in the Semidi region, which has historically had higher age-0 walleye pollock abundance. If so, more research is warranted to determine whether the Kodiak region qualifies as a walleye pollock nursery, and what the actual contribution of each nursery is to the adult population. Thus, our objective was to compare the food habits and body size of age-0 walleye pollock between regions in association with region-specific midwater physical and prey-field characteristics.
Methods

Study area
The study area consisted of two grids of predetermined collection sites situated in regions of known age-0 walleye pollock habitat (Figure 1 ). The Kodiak grid was situated off the Gulf side of Kodiak Island and the Semidi grid encompassed Semidi Bank; each grid represents 30 000 km 2 . Sites were occupied by sampling along inshore -offshore lines of stations beginning at the northernmost site in the Kodiak region and ending at the southwestern-most line of the Semidi grid. At each site, we first characterized the local habitat in terms of water temperature, salinity, and zooplankton composition, then sampled the local age-0 walleye pollock population to determine local abundance, size composition, and to collect fish for subsequent laboratory determination of body weight, stomach weight, and diet. 
Water temperature and salinity
Water temperature and salinity measurements were taken using a calibrated Sea-Bird Electronics (SBE) 19 plus SeaCat profiler, which was deployed on the tow wire immediately above the zooplankton sampling array. The profiler was used to monitor real-time depth of the array and to measure water temperature (8C) and salinity (practical salinity units, psu) during the up-cast portion of each tow. The accuracy of the profiler was verified by comparison to data collected with a Sea-Bird 911+ CTD during several casts made at the start, middle, and end of each cruise.
The measurements taken at 40-m water depth were used to characterize the temperature and salinity of the midwater habitat. Based on these measurements, we divided each of our sampling grids (Kodiak, Semidi) into a warm inner-shelf area and a relatively cold, saltier outer-shelf area (Figure 1 ). This delineation was incorporated as a cross-shelf effect in statistical tests of regional differences in zooplankton community composition and age-0 walleye pollock abundance, size, and food habits.
Zooplankton
Zooplankton was collected with a ringnet (25.4 cm diameter mouth opening, 153-mm mesh net) and a 1-m 2 Tucker trawl (333-mm mesh). The ringnet was mounted in the drogue net of the Tucker trawl and fished on the descent to collect small zooplankton. The drogue net was closed at depth (200 or 5 m off bottom, whichever was shallowest). Larger zooplankton were collected in the Tucker trawl during the ascent. All nets were equipped with calibrated flowmeters. Each zooplankton sample was sorted and enumerated at the Polish Plankton Sorting and Identification Center (Szczecin, Poland) using protocol established by the Alaska Fisheries Science Center (Siefert and Incze, 1991) . Taxa were grouped following previous age-0 walleye pollock prey field studies (Wilson, 2009 ). Catches were standardized to volume filtered (no m
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). Standardized catches were fourth-root transformed to normalize the error structure; we report back-transformed means.
Multivariate analyses were used to determine the statistical significance of Kodiak -Semidi differences in zooplankton community composition. Within each year, the regional difference was tested for statistical significance using an analysis of similarity (ANOSIM) implemented in PRIMER v6 software (Clarke and Gorley, 2006) . ANOSIM is a non-parametric, multivariate analysis analogous to a univariate analysis of variance (ANOVA) (Clarke and Warwick, 2001) . Bray-Curtis similarities were computed from population densities after fourth-root transformation, which was applied to give less weight to very abundant species and more weight to the mid-range species so that the computed Bray -Curtis similarities/ dissimilarities were more meaningful (Clarke and Green, 1988 ). The ANOSIM was followed by a SIMPER (Similarity Percentages) analysis to determine group-specific contributions to regional differences in the prey field (Clarke and Warwick, 2001) . A two-dimensional nonmetric multidimensional scaling (NMDS) ordination plot was used to graphically show the differences in community composition between Kodiak and Semidi. NMDS is an iterative ordination method that projects multivariate data onto two dimensions preserving, as much as possible, the rank order of the dissimilarity measure.
Walleye pollock
Fish were collected with a small-mesh midwater trawl from the upper 200 m or where shallower from the sea surface to 5 m off bottom (Wilson, 2009) . Walleye pollock were sorted by body length into two age groups. Age-0 (≤140 mm standard length, SL) individuals were distinctly smaller than older age-1+ (≥140 mm, SL) fish. Age-0 walleye pollock were enumerated and SL measured. Large catches (.100 individuals) were randomly subsampled to obtain 100 individuals, which were measured at sea to the nearest millimetre SL. A random sample of individuals was frozen at 2808C and stored at 2208C for later examination in the laboratory.
In the laboratory, body weight and food habits of age-0 walleye pollock were determined using fish frozen at sea. Samples collected during 2007 and 2009 were thawed and processed within 3 months of collection. For 2005, however, some samples were processed within 3 months of collection, but most (34 of 40) samples were thawed and processed 10 months after collection; this delay was incorporated in statistical analyses by including a process-month effect as detailed later. For small samples (≤20 fish), all individuals were examined; otherwise, 20 individuals were selected for determination of body weight. Each of the 1349 selected fish was measured to the nearest millimetre SL, blotted dry, and weighed to the nearest milligramme. For determination of food habits, stomachs were excised between the oesophagus and pylorus and stored individually in a sodium borate-buffered 10% formalin solution. All stomachs up to a maximum of 20 per sample were used to determine food habits during 2005; the maximum was reduced to 10 fish per sample for 2007 and 2009 due to laboratory resource constraints. The total number of stomachs examined was 1135. For each stomach, content weight (SCW) was measured to the nearest 0.01 mg. The contents were then sorted into prey groups based on taxonomy, size, and digestion following Wilson et al. (2009) . For each prey group, all individuals were counted, blotted dry, and collectively weighed to the nearest 0.01 mg. Weights and counts of groups consisting of largely intact prey were used to indicate prey size, which was computed as group weight divided by prey count (i.e. mean individual weight). Thus, fish abundance and size composition were determined at sea, and fish body weight, SCW, and diet were determined from samples examined in the laboratory.
Statistical tests were used to detect regional differences in the univariate (abundance, body length and weight, and SCW) and multivariate (diet) data. Regional variation in abundance (no m
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) wastested using a simple ANOVA; a fourth-root transformation was applied to normalize the error structure, but we report back-transformed means. Abundance was computed following Wilson (2009) .
Regional variation in body length, length-specific body weight, and SCW was tested using a mixed model analysis with haul (nested within region and cross-shelf area) as a random factor, and year and cross-shelf as fixed effects. For the body weight and SCW analyses, length was included as a covariate. The body weight analysis was based on log-transformed data to linearize the model. SCW was expressed as proportion of somatic weight (SCW/[body weight2 SCW]) and arcsine-transformed to normalize the error structure. For 2005, when 34 of the 40 samples were processed 10 months after collection, process month was incorporated into the body weight and SCW models as a fixed factor. Each variable (body length, body weight, and SCW) was weighted by abundance. The abundance weight was computed as age-0 walleye pollock abundance at a site, within year, divided by the number of observations from the sample collected at that site.
Regional variation in age-0 walleye pollock diets was analysed using Bray-Curtis similarities between samples in the PERMANOVA (permutational MANOVA) procedure in PRIMER 6 (Clarke and Gorley, 2006) with PERMANOVA+ software (Anderson et al., 2008) . The procedure was used to examine prey count and prey weight, which for each of the 1035 fish were expressed as per cent of total prey; 100 fish were excluded from the diet analysis because each contained only unidentified prey or miscellaneous items (e.g. fish scale). A fourth-root transformation was applied to reduce the influence of highly abundant species relative to less-abundant species on the computed Bray-Curtis similarities/dissimilarities (Clarke and Green, 1988) . PERMANOVA is a highly flexible and robust procedure that accounted for the nested structure of the sampling design where fish were nested within hauls, and hauls were nested within region and cross-shelf area. This procedure also allowed inclusion of the covariate, SL, which can affect diet . A SIMPER (similarity percentages) procedure (Clarke and Warwick, 2001) in PRIMER was used to determine prey group contributions to dissimilarity between regions.
We used a bioenergetics model to estimate daily growth rate from observed year-and region-specific water temperature and diet, and to identify the diet component (prey group) most responsible for regional differences in the expected growth rate. In the model, which was parameterized for juvenile walleye pollock (Ciannelli et al., 1998) , the energy available for growth equals the total energy consumed minus the energy lost to waste, activity, and respiration; maximum consumption and metabolism scaled allometrically to body mass and water temperature. Inputs were fish body weight (g), diet (%W), daily ration (%BW, Wilson et al., 2011) , predator energy density (J g 21 , Buchheister et al., 2006) , taxon-specific prey energy densities (J g 21 , Mazur et al., 2007) , and water temperature (8C). To control for fish length, we input the body weight of a 70-mm SL fish, a body length common to all regions and years, estimated using region-specific length-weight relationships (Buchheister et al., 2006) . The output was daily growth rate. To determine each prey group's effect on regionspecific growth rate each year, we reran the model multiple times and each time equated the proportions of one prey group between regions. Forexample, for 2005, the effect of euphausiids on the expected growth rates of Kodiak fish and Semidi fish was determined by inputting fish diet as observed for each region except that euphausiid weight was equated (averaged) between regions before computing prey-group proportions. We similarly examined the effect of water temperature on the difference in growth rate.
Results
Water temperature and salinity
The coastal ocean at 40-m depth was consistently colder and slightly more saline in the Kodiak region than in the Semidi region (Figure 2 ). Off Kodiak, the water averaged 8.48C and 32.1 psu when compared with 9.28C and 31.7 psu in the Semidi region. Water temperature was warmest during 2005, and cross-shelf gradients were evident in both regions. Thus, while cross-shelf gradients were prominent in both regions, the midwater habitat in the Kodiak region was generally colder and more saline reflecting greater oceanic influence than in the Semidi region.
Zooplankton
The zooplankton collection consisted of 207 samples collected over all stations and years. A total of 18 groups was represented in the collection. Four groups of gelatinous zooplankton were omitted from subsequent analysis because they were not found in the stomach contents of age-0 walleye pollock; so, we did not consider them part of the prey field of age-0 walleye pollock.
Each year, numerical composition of the zooplankton samples differed between regions. Initial ANOSIM test results were complicated by significant differences in composition across the shelf (p , 0.05); therefore, subsequent between-region tests were conducted within each year and cross-shelf area. Composition of the zooplankton community differed significantly between Kodiak and Semidi regions (p , 0.05), except for 2007 outer shelf, which was marginally not significant (p ¼ 0.06, Table 1 ). However, R-values were small (,0.2) for all tests except 2005 inner shelf indicating weak separation. Yearly NMDS plots further illustrate the strength of these differences (Figure 3) . Five groups accounted for .70% of the total dissimilarity: barnacle larvae, larvaceans, thecosomate pteropods (Thecosomata), pre-juvenile euphausiids, and small copepods ( Table 2 ). The mean densities of thecosomate pteropods, small copepods, and crab larvae (Reptantia) were highest in the Semidi region, whereas the cooler, more-saline Kodiak habitat Effect of region on the food-related benefits to age-0 walleye pollock had higher mean densities of pre-juvenile euphausiids and barnacle larvae (Table 3 ). Regional differences in population density of larvaceans were not consistent among years. Interestingly, the mean density of pre-juvenile euphausiids decreased from 2005 to 2009 during the study; similarly, larger euphausiids (juvenile and adult) decreased from 2005 to 2009 and although this latter group contributed less to total dissimilarity based on numerical abundance, they also tended to be densest off Kodiak, which was relevant to age-0 walleye pollock food habits.
Walleye pollock
Consistent with historical observations, data from 207 trawl hauls indicated that there were fewer age-0 walleye pollock in the Kodiak region than around the Semidi Islands and average body length of the Kodiak individuals was larger. The regional effect on abundance was significant regardless of year, but the larger mean length of the Kodiak fish was significant only during 2005 and 2009 (Table 4) . Across the shelf, large fish seemed to concentrate more over the inner shelf in the Kodiak region than in the Semidi The overall diet of age-0 walleye pollock consisted of 17 prey groups (Table 6) , including miscellaneous and unidentified prey, but prey composition changed with fish length and between regions. Diet transitioned with increasing predator length to include larger prey, such as juvenile and adult euphausiids (Figure 4) . We therefore compared diet between regions within 10-mm fish length bins. Clearly, a region effect was superimposed on the length-related transition due most noticeably to greater proportions of juvenile and adult euphausiids in the Kodiak region for fish ≥55 mm SL (Figure 4) . Statistically, PERMANOVA test results indicated that the length and region effects were significant during 2005 (Table 7) (Table 8) and 2009. Thus, age-0 walleye pollock underwent a size-related dietary transition, but fish in the Kodiak region consumed proportionally more juvenile and adult euphausiids than did Semidi fish.
In addition to a relatively euphausiid-rich diet, the Kodiak fish consumed juvenile and adult euphausiids that were larger than those consumed by Semidi fish. The mean individual weight of juvenile and adult euphausiids, which were recovered intact from fish representing 52 samples, significantly differed between Kodiak and Semidi regions (p , 0.006). The region -year interaction was not significant (p ¼ 0.653), indicating that the Kodiak fish consistently consumed larger euphausiids ( Figure 5 ). Interestingly, the year effect was significant (p , 0.001) due to the mean euphausiid weight being about twice as heavy during 2005 than during 2007 and 2009, which were not different (p ¼ 0.585). This regional and interannual variation was not likely due to differences in digestion or fish size because we considered only prey that were recovered intact from stomachs of fish 65 -84 mm SL, a size range that was fully represented in each year. Thus, the euphausiids recovered from fish stomachs were on average larger and contributed more Effect of region on the food-related benefits to age-0 walleye pollock to the diet of age-0 walleye pollock in the Kodiak region than in the Semidi region.
Bioenergetics model output indicated that our observed regional differences in diet translated into growth rates that were faster for the Kodiak fish than for the Semidi fish, and that this was primarily due to the greater proportion euphausiids in the diet of Kodiak fish. Our region-specific estimates of growth rate ranged from 0. Depending on year, the Kodiak fish were predicted to grow faster than Semidi fish by 0.02 -0.37 mm d
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. Equating the euphausiid proportions had a much greater effect on reducing or reversing the between-region difference in growth rate than any other dietary component or water temperature (Figure 6 ). The euphausiid effect on growth rate estimates was also evident from the comparatively low growth rates estimated for the Semidi region during 2007, when the dietary proportion of euphausiids for 70-mm fish was the lowest of all region-year combinations (24% vs. ≥65%, Figure 4 ). While we did not explicitly incorporate the fish size-related dietary transition, similar outcomes were obtained using the diet of 60 or 80 mm SL fish. Thus, for age-0 walleye pollock ≥55 mm SL, it appears that the euphausiid dietary proportion was mostly responsible for the faster growth of the Kodiak fish.
Discussion
Our results indicate that during years when age-0 walleye pollock were relatively large, they realized more food-related benefit from residing in the Kodiak region than in the Semidi region. Regional differences in fish length-specific body weight, SCW, and diet were significant during 2005 when the mean fish length was large as opposed to 2007 when the mean fish length was small. During 2009, the mean fish length was intermediate and the corresponding food-related responses were intermediate. Fish length also affects diet. We suggest that age-0 walleye pollock must undergo their size-related dietary transition before they are able to exploit juvenile and adult euphausiids and consequently benefit more from residing in the Kodiak region than in the Semidi region. Effects on interannual variation in fish size are therefore likely to affect how much age-0 walleye pollock benefit from inhabiting the Kodiak region.
Consider, for example, water temperature, which relates positively to fish length (Wilson, 2000; Dougherty et al., 2007) . The Kodiak fish responded to the euphausiid-rich habitat by increasing their dietary proportion of euphausiids. This size-related dietary transition is attributed at least partly to predator mouth gape constraints on prey size selection (Brodeur, 1998) . Compared with other prey, euphausiids are preferred by age-0 walleye pollock perhaps due to their high caloric density (Mazur et al., 2007) and more suitable sizes (Brodeur, 1998; Wilson et al., 2009) . The benefit was especially pronounced during 2005 when there were about 7 euphausiids m 23 in the Kodiak midwater as opposed to 2 euphausiids m 23 in other years; furthermore, the euphausiids that were ingested during 2005 were on average larger than those ingested in other years. Consuming large euphausiids is energetically beneficial because the caloric density of euphausiids increases with body size (Mazur et al., 2007) . If the late-summer availability of euphausiid biomass significantly affects the growth and survival of age-0 walleye pollock, then the Kodiak region may contribute above-average production of recruits.
The bioenergetic model output growth rate estimates were reasonable compared with previous empirical estimates, which bolstered our confidence that the observed regional difference in diet translated into regional differences in growth rate. Our region-specific estimates (0.016-0.071 g d . Historically, otolith-based estimates of growth rate indicate that, on average, Kodiak age-0 walleye pollock grow 0.16 mm d 21 faster than their Semidi counterparts , which is within our range of estimates (0.02-0.37 mm d
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). We acknowledge that cryptic or easily digested prey such as larvaceans might have been underrepresented in our observations relative to more prominent prey such as large euphausiids. Nevertheless, we are confident that the euphausiid-rich diet best explains the previously observed faster growth of age-0 walleye pollock in the Kodiak region relative to their counterparts in the Semidi region. It is more difficult to explain regional differences in body length, which integrate the effects of growth rate, hatch date, and size-selective loss.
Faster growth is generally thought to benefit juvenile fish by decreasing mortality (Sogard, 1997) . This has particular relevance to GOA walleye pollock because recruitment is currently thought to Effect of region on the food-related benefits to age-0 walleye pollock be regulated by predation on juveniles (Bailey, 2000) . We therefore suggest that for growth of age-0 walleye pollock ≥55 mm SL, the midwater habitat off Kodiak Island supports faster growth than the Semidi Islands vicinity due to higher euphausiid availability. It remains to be seen whether the food-related growth benefit is offset, in terms of recruit production, by lesser abundance, higher predation, or both. Although difficult to explain conclusively, the sometimes greater abundance of euphausiids off Kodiak Island relative to the Semidi region might reflect accumulations stemming from favourable oceanographic processes, reduced grazing pressure, or both. The cooler, saltier water off Kodiak suggests a stronger oceanic influence, facilitated perhaps by a relatively narrow continental shelf and at-depth shoreward flow in sea valleys (Stabeno et al., 2004) . Euphausiids are often abundant along the shelf break (Simard and Mackas, 1989; Mackas and Coyle, 2005) and shoreward transport can explain euphausiid concentrations that have been observed in sea valleys over the Kodiak shelf (Logerwell et al., 2010) . In the northern GOA, the euphausiid Euphausia pacifica can be transported by shoreward flow onto the shelf (Pinchuk et al., 2008) . The euphausiids that we could identify belonged to the genus Thysannoessa, although many others were too digested and could not be identified with certainty. Perhaps a reduction in shoreward transport occurred during 2009, despite being a relatively cold year, such that the Kodiak region was not enriched by oceanic influxes of euphausiids. Grazing pressure is another determinant of euphausiid abundance (Dalpadado and Skjoldal, 1996; Yamamura, 2004) . Lower grazing pressure off Kodiak Island could be attributed to lower age-0 walleye pollock abundance, but we did not census other euphausiid predators. Euphausiids might also grow faster in the Kodiak region due to high sea-surface chlorophyll throughout summer (Stabeno et al., 2004; Pinchuk and Hopcroft, 2007) perhaps explaining why the euphausiids consumed by Kodiak fish were heavier than those consumed by similar-size Semidi fish. Thus, interannual variation in favourable oceanographic conditions, and perhaps lower grazing pressure, might explain why euphausiids were sometimes more abundant and apparently larger off Kodiak Island than in the Semidi region. The apparent dependence of habitat quality on euphausiid availability is a common feature of many coastal ecosystems. Euphausiids are a common dietary staple of many neritic fish in the Barents Sea (Dalpadado and Skjoldal, 1996) , southeast Atlantic (Pillar et al., 1992) , and North Pacific (Robinson, 2000; Yamamura, 2004) . In the Bering Sea, food-related body condition of age-0 walleye pollock before winter seems to relate directly to subsequent survival (Heintz et al., 2013) in the absence of supplemental winter feeding (Kooka et al., 2009) . However, the effect of regional variation in feeding conditions on survival is difficult to ascertain because there is currently no way to track walleye pollock through the recruitment process, determine where recruits were as juveniles, or identify what they had eaten as age-0 juveniles.
Given that food-related benefits accrue to age-0 walleye pollock in the Kodiak region, why is the Kodiak population not larger than the population in the Semidi region, which is similar in area (ca. 30 000 km 2 )? This can be largely explained by the fact that the Kodiak region is not directly downstream of the large spawning aggregation of walleye pollock in Shelikof Strait; consequently, it does not receive similarly large influxes of larvae each spring. Origin of the Kodiak fish is uncertain, but probably includes local spawning and inputs from upstream spawning locations such as Prince William Sound (Wilson, 2000) . Conceivably, the Kodiak region might also be populated by Semidi fish moving upstream in search of prey. Such northeastward movement could be facilitated by current reversals and areas of low velocity, such as over the middle and outer shelf (Stabeno et al., 2004) where net current velocities are less than the 1 -2 body length s 21 cruising speed of age-0 walleye pollock (Ryer et al., 2002) . The smaller Kodiak population might also reflect relatively heavy predation, but regional variation in predation pressure has not been studied.
In summary, greater apparent oceanic influence off Kodiak Island was associated with a sometimes higher population density of euphausiids when compared with farther downstream in the Semidi Islands vicinity. Age-0 juvenile walleye pollock in the Kodiak region consumed proportionally more euphausiids and Effect of region on the food-related benefits to age-0 walleye pollock depending on year were heavier and had fuller stomachs than their similar-size Semidi counterparts. Bioenergetic modelling highlighted the singular importance of euphausiids as the driver of faster growth of the Kodiak fish relative to Semidi fish. Larger fish generally consumed greater proportions of euphausiids; consequently, the region effect was most pronounced among fish .55 mm SL. During 2005, relatively warm water was associated with large fish lengths and pronounced regional differences in length-specific weight, SCW, and diet underscoring the potential for interannual variation in fish length to cause regional differences in food-related benefits and perhaps survival. For the Kodiak region to be considered a nursery, production of recruits (Dahlgren et al., 2006) or recruits per unit area (Beck et al., 2001) would need to exceed the mean production of all habitats utilized by juvenile walleye pollock in the GOA. While it is not yet possible to quantify region-specific production throughout the GOA, our results point out that age-0 walleye pollock accrue food-related benefits from inhabiting the Kodiak shelf and thus have the potential to contribute above-average numbers of recruits to the adult population.
